INTRODUCTION
In order to establish and maintain functional differences between organelles, eukaryotic cells often synthesize enzymes as precursors (zymogens) which remain inactive until they have reached their final subcellular destination. Subsequent zymogen activation is then achieved by proteolytic removal of an inhibitory propeptide. The yeast vacuole, which is equivalent to the mammalian lysosome, contains a number of proteinases and other hydrolytic enzymes that are synthesized as zymogens. The proteolytic activation of all yeast vacuolar zymogens depends on the aspartic proteinase A (PrA), encoded by PEP4. PrA itself is also synthesized as a zymogen. The precursor of 405 amino acids is translocated into the endoplasmic reticulum where it is glycosylated, and a hydrophobic signal peptide of 22 amino acids is cleaved off. During passage through the Golgi complex, the carbohydrate side chains are modified resulting in a zymogen form (proPrA) of about 50 kDa. ProPrA is transported via the endosome to the vacuole, where a 54-amino acid propeptide is removed, yielding the mature 42 kDa proteinase. The PrA propeptide contains vacuolar targeting information and has furthermore been shown to be required for exit from the endoplasmic reticulum, probably because it is required for folding [1, 2] . The present work deals with its role in inhibition\activation of PrA.
By analysis of active-site-mutated forms of proPrA, it has previously been found that activation can occur autocatalytically (i.e. does not require other proteinases) [3] [4] [5] . Proteinase B (PrB), another vacuolar endopeptidase, can also activate proPrA. PrB is required for full vacuolar maturation of PrA, since in its Abbreviations used : PrA, proteinase A ; PrB, proteinase B. 1 Present address : Unite! de Biochimie Physiologique, Universite! Catholique de Louvain, Place Croix du Sud, 2/20, B-1348 Louvain-la-Neuve, Belgium.
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indicates that autoactivation mainly occurs via a bimolecular product-catalysed mechanism in which an active proteinase A molecule activates a zymogen molecule. Both the pH-and ionicstrength-dependence and the predominance of a product-catalysed mechanism are well adapted to the situation in i o, since slow activation in the absence of active proteinase A helps to prevent activation in prevacuolar compartments, whereas, on delivery to the vacuole, lower pH, higher ionic strength and the presence of already active proteinases ensure rapid activation. Product-catalysed autoactivation may be a general mechanism by which cells ensure autoactivation of intracellular enzymes to be both rapid and compartmentalized.
absence a PrA form (pseudoPrA) accumulates that still contains nine amino acids of the propeptide [4] [5] [6] [7] . The well-characterized aspartic proteinase, pepsin, rapidly autoactivates on secretion by a mechanism induced by the very acidic pH of the gastric juice. PrA, however, does not encounter such low pH during its biosynthesis, the pH of the yeast vacuole being only moderately acidic, i.e. about pH 6 [8, 9] . It has even been shown that proPrA autoactivation can occur, albeit more slowly [10] , in yeast mutants that do not acidify their vacuoles [11] . In the present study, we investigated proPrA autoactivation in itro in order to identify conditions that can trigger this process.
The zymogens of intracellular enzymes are often difficult to obtain from non-heterologous systems because of rapid intracellular activation. We here describe purification of proPrA from the culture medium of a strain that mislocalized this zymogen as the result of overproduction.
MATERIALS AND METHODS

Purification of proPrA and fully matured PrA
Saccharomyces cere isiae strain W3122 (MATa ura3-52 leu2-3, 112 his3-∆200 pep4-1137 prb1 ::LEU2) [4] carrying the plasmid pPA2 [12] was used for the production of proPrA. pPA2 is a 2 µm-based multicopy plasmid which contains the PEP4 gene and the URA3 gene as a selective marker. The transformed strain was grown in synthetic complete medium [13] without uracil, buffered to pH 7 with 50 mM potassium phosphate. To reduce extracellular proteolytic processing of proPrA, 1\1000th volume of a 1 mg\ml stock solution of pepstatin A (Sigma) in methanol was added to all growth media used throughout the propagation. A single colony was inoculated on day 1 in 50 ml of medium and grown overnight to stationary phase. On day 2, the culture was diluted into 3 litres of fresh medium. On day 3, when the culture had an A '!! of about 9, it was centrifuged. The supernatant was subsequently concentrated to 65 ml in diaconcentration apparatus (20 kDa cut-off) in an ice bath. After overnight dialysis against 5 mM Tris\HCl, pH 8, at 4 mC, the concentrate was applied to a 25 ml Mono Q column (Pharmacia), which had been equilibrated with 5 mM Tris\HCl, pH 8. The column was subsequently washed with 0n08 M KCl in 5 mM Tris\HCl, pH 8, and PrA forms were eluted with a linear gradient of 0n08-1 M KCl in 5 mM Tris\HCl, pH 8. Fractions of volume 2 ml were collected and 20 µl of each fraction was analysed by SDS\PAGE followed by Coomassie staining of the gels (see below). The fractions were in the meantime kept at 4 mC. Fractions that contained only proPrA and no proteolytically processed or underglycosylated forms of PrA [10] were pooled, desalted, concentrated using Centriprep cells (30 kDa cut-off ; Amicon) at 4 mC, and stored in 5 mM Tris\HCl, pH 8, at k20 mC.
Fully matured PrA was purified from the culture medium of a PRB1 strain overproducing PrA as described previously [10] . Only the fully glycosylated mature PrA form was used in the present experiments.
Activation experiments
Unless stated otherwise, activation experiments were performed in a water bath at 25 mC in buffers containing 10 mM citric acid and 10 mM NaH # PO % , adjusted to specific pH values using NaOH. Protein samples to be used for SDS\PAGE were precipitated using 10 % trichloroacetic acid, pellets were redissolved in SDS\PAGE sample buffer (100 mM Tris\HCl, 4 % SDS, 4 % 2-mercaptoethanol, 20 % glycerol, 0n2 % Bromophenol Blue, pH 7n0), and after neutralization with Tris base, the samples were incubated at 80 mC for 3 min. SDS\PAGE was performed using 10 % polyacrylamide. After electrophoresis, gels were stained in solution containing 0n1 % Coomassie Brilliant Blue G, 50 % ethanol and 10 % acetic acid, and destained in 50 % ethanol\10 % acetic acid, followed by 7 % acetic acid. Nterminal sequencing was performed using an Applied Biosystems sequenator.
Determination of PrA activity
PrA activity was determined using an internally quenched fluorescent peptide substrate [2-aminobenzamide-Leu-Phe-AlaLeu-Glu-Val-Ala-Tyr(NO # )-Asp], as described previously [14] . In the present experiments, however, the assay was performed in 10 mM citric acid\10 mM sodium phosphate buffer, pH 6n1, containing 100 mM NaCl.
RESULTS
Purification of proPrA
Overproduction of proPrA leads to secretion of large amounts of the zymogen into the extracellular medium, because of saturation of the vacuolar sorting mechanism [12] . In previous studies, it was found that secreted proPrA undergoes proteolytic processing in the medium [7, 10] . However, when the aspartic proteinase inhibitor pepstatin A was added to the growth medium of a prb1 (PrB-lacking) strain overproducing proPrA, no extracellular processing of proPrA was found in overnight cultures [7] . In the Figure 1 One-step purification of proPrA Coomassie-stained 10 % polyacrylamide gel. Lane 1, molecular-mass markers (molecular masses are given in kDa) ; lane 2, concentrated culture medium, equivalent to 1n5 ml of culture supernatant ; lane 3, proPrA preparation, also equivalent to 1n5 ml of culture supernatant.
present study, we exploited this observation to obtain purified proPrA. Thus a prb1 strain carrying a PEP4-carrying multicopy plasmid was grown in pepstatin-containing medium. Analysis of a fraction of the medium by SDS\PAGE showed several major bands. One of these had the mobility expected for proPrA, whereas several others had higher mobilities similar to underglycosylated or processed forms of PrA ( Figure 1 , lane 2). The culture medium was concentrated and dialysed against a pH 8 buffer to avoid putative acid-induced activation. Purification was achieved in a single step using a Mono Q ion-exchange column eluted by a linear salt gradient. Fractions containing only fully glycosylated proPrA and no underglycosylated or processed forms of PrA were pooled, desalted and concentrated. The resulting preparation (Figure 1, lane 3) had an A #)! of 1n28. With a calculated [15] absorption coefficient for proPrA of 50 120, this A #)! value corresponds to 25n6 µM. In total, about 1n3 mg\l proPrA was obtained (a yield of about 50 %). The purity was estimated by SDS\PAGE followed by Coomassie staining. This showed that remaining contaminating proteins (mostly of high molecular mass) comprised less than 2 % of the total protein content (results not shown). N-terminal sequencing of the sample showed that the purified proPrA consisted of two forms, a major one, which had Lys-23 as N-terminal amino acid, and a less abundant form, which started with Val-24. The peptide bond between Ala-22 and Lys-23 has previously been reported to be the site where the hydrophobic signal sequence is cleaved off [7] . The minor Val-24 form is probably the product of limited aminopeptidase digestion. No other N-termini were found in the sample.
Autoactivation of proPrA at pH 6n1
Activation of proPrA was performed at 25 mC, in a pH 6n1 buffer containing 100 mM NaCl and 1n2 µM proPrA. At various time points, protein samples were taken, precipitated, and analysed by SDS\PAGE. All proPrA molecules were processed to a lowermolecular-mass form during 240 min of incubation ( Figure 2A ProPrA activation in 10 mM citric acid/10 mM sodium phosphate/100 mM NaCl, pH 6n1. The initial proPrA concentration was 1n2 µM. (A) Samples were taken at the indicated time points and subjected to SDS/PAGE (10 % polyacrylamide). The gel was stained using Coomassie Brilliant Blue. Left lane, molecular-mass markers (molecular masses given in kDa). (B) PrA activity during the activation. The assay was performed in 10 mM citric acid/10 mM sodium phosphate/100 mM NaCl, pH 6n1. (C) PrA activity during activation and two possible mechanisms of proPrA activation that may lead to sigmoidal kinetics. Line (1) (dashed) is the best fit according to the equation [16] :
Line (2) (plain) is the best fit according to the equation [16, 17] :
PrA stands for PrA activity, k for rate constants, t for time. PrA (final) was measured to be about 250 units.
processed even after overnight incubation (not shown). Amino acid sequencing of this form showed that Ser-68 was the Nterminal residue. Thus this form, henceforth termed (k9)PrA, still contains nine amino acids of the propeptide, and is identical with the PrA form (termed pseudoPrA) that was found in the vacuole and medium of strains lacking PrB (Figure 3 ) [7] . In order to determine the N-terminus of the transient processing intermediate, the activation experiment was repeated and part of each sample was analysed by SDS\PAGE. The remainder of a sample in which the processing intermediate was the predominant PrA form was N-terminally sequenced. The cleavage site was found to be between Tyr-54 and Leu-55 ( Figure 3) . Henceforth, this form will be termed (k22)PrA.
Under the same conditions, PrA activity was determined during the activation ( Figure 2B ). The buffer in which the activity assay was performed was identical with the one in which the activation was performed, which means that activation in principle continued during the assay. This did not result in inaccuracies as the assay time (2 min) was short compared with the activation half-time and the sample was diluted in the assay (decreasing the activation rate, see below). During the first 15 min of the experiment, no significant PrA activity was detected ( Figure 2B ). On longer incubation, a sigmoidal activation curve was obtained. Comparison of the electrophoresis data with the activity data (Figures 2A and 2B ) suggests that (k22)PrA is not active, or at least far less active than (k9)PrA, since the activity continues to increase strongly after 60 min, when (k22)PrA is disappearing and all proPrA has already disappeared. The lack of activity of (k22)PrA could be due to either inhibitory activity of the remaining 22 residues of the propeptide or inhibition via non-covalent interaction with the part of the propeptide that has been cleaved off. The observation that the kinetics of the reaction is sigmoidal has important implications for the mechanism of activation. Clearly, it is not a simple one-step reaction involving only proPrA molecules, since, in that case, the activation rate would have been high at the start, decreasing throughout the experiment. Two possible simple mechanisms that could lead to sigmoidal kinetics are shown in Figure 2 (C). Mechanism (1) is a two-step activation in which the first step could be a conformational change induced by a change in environment. In mechanism (2), the activation is catalysed by its product, active PrA. In order to investigate whether one of these two mechanisms could apply to the proPrA activation process, we tried to fit the data to equations describing reactions (1) and (2). For (1) [16] :
and for (2) [16, 17] :
where PrA stands for PrA activity, k for rate constants, t for time. Fitting of the data to the entire activation curve gave a better fit for mechanism (2) than for (1) (not shown). However, neither of them fitted well to the data at time points later than 90 min. Comparison of Figure 2 (A) with Figure 2 (B) suggested that activity may continue to increase even after 240 min of incubation when all PrA was in the k9 form (the final PrA activity was 250 units). This may indicate that (k9)PrA is partially inhibited by non-covalently bound propeptide fragments. This would influence the kinetics mainly at later time points when higher amounts of propeptide are released. To get a better picture of the kinetics in the absence of large amounts of released propeptide fragments, we repeated the experiment, taking samples more frequently during the first 40 min. Figure  2 (C) shows PrA activity versus time and two calculated curves based on equations describing mechanisms (1) and (2). The kinetics fit well to mechanism (2). Thus the predominant ac-
Figure 3 Proteolytic cleavage sites of preproPrA
The proPrA isolated has the k54 form as the major constituent. This is consistent with the notion that valine and alanine are favoured residues for the signal peptidase one and three residues respectively upstream of the cleavage site. The hatched arrow indicates a minor constituent in the proPrA isolated. Other sites indicated are the k22 and k9 sites which are identified in the present work as autoactivation products. The j1 site is the one found for PrA normally matured in vivo.
Table 1 Processing rate of proPrA under various conditions
Indicated is the time required for half of all proPrA molecules to be converted into the k9 form under various incubation conditions, always at 25 mC. This was estimated from Coomassiestained SDS/polyacrylamide gels similar to the one shown in Figure 2 (A). Activation at pH 2n0 was performed in a 10 mM NaH 2 PO 4 buffer, adjusted to pH 2n0 using NaOH. All other experiments were performed in 10 mM citric acid/10 mM NaH 2 PO 4 buffers, adjusted to specific pH values using NaOH.
[ProPrA] ( µM)
[NaCl] (mM) pH
Processing half-time (min) 1n2 100 2n0 3 p 1 1 n 2 100 3n1 8 p 2 1 n 2 100 4n8 3 0 p 5 1 n 2 100 6n1 7 5 p 5 1 n 2 100 7n1 2100p300 0n048 100 6n1 240p60 0n24 100 6n1 9 0 p 10 1n2 100 6n1 7 5 p 5 6 100 6n1 105p10 1n2 0 6 n 1 125p25 1n2 100 6n1 7 5 p 5 1 n 2 200 6n1 6 0 p 10 1n2 500 6n1 4 5 p 5 1 n 2 0 6 n 8 500 1n2 500 6n8 240p60 1n2j0n8 PrA 100 6n1 1 0 p 5 tivation mechanism appears to be a bimolecular reaction in which an active PrA form catalyses the action of proPrA. The apparent dependence of the rate of activation on the concentration of active PrA argues strongly against the possibility that the observed activation was performed by another putative minor contaminating proteinase rather than by PrA. Moreover, no processing was observed by SDS\PAGE during a 5 h incubation period at pH 6n1, in the presence of 100 mM NaCl and a 10-fold molar excess of pepstatin (results not shown). As a further verification of the mechanism, we repeated the activation experiment in the presence of fully matured PrA which had been purified by a different procedure. If the processing is mainly performed by active PrA via a bimolecular reaction, then the reaction should proceed rapidly if active PrA was present from the beginning. Indeed, we found that, in the presence of 0n8 µM fully matured PrA, the half-time of processing proPrA (1n2 µM) was about 10 min ( Table 1 ). The activity found in the activation reaction was about 50 % of that of a pure PrA preparation of the
Figure 4 Activation of proPrA at pH 3n1
ProPrA activation in 10 mM citric acid/10 mM sodium phosphate/100 mM NaCl, pH 3n1. The initial proPrA concentration was 1n2 µM. Samples were taken at the indicated time points and subjected to SDS/PAGE (10 % acrylamide). The gel was stained using Coomassie Brilliant Blue. Right lane, molecular-mass markers (molecular masses given in kDa).
same concentration. The lower activity could, however, be due to fragments of propeptide being inhibitory.
Rate of activation increases with decreasing pH
The experiment described above indicated that proPrA autoactivation can be triggered by acidification. Aspartic proteinase zymogens generally autoactivate by a low-pH-induced mechanism. However, the rate, as well as the mechanism, of the activation reaction often depends on the degree of acidification [18] . We investigated whether this was also true for autoactivation of proPrA by performing activation at pH 2n0, 3n1, 4n8, 6n1 and 7n1, at a proPrA concentration of 1n2 µM in the presence of 100 mM NaCl. Table 1 shows the time required for half of the molecules to be converted into the (k9)PrA form. This was estimated for the various pH values from Coomassie-stained gels similar to the one shown in Figure 2 . It is clear that the more acidic the environment, the more rapid the activation. The halftimes for activation varied from about 3 min for pH 2n0 to 30-40 h for pH 7n1. Only at moderately acidic pH was the (k22)PrA form observed as an intermediate in the reaction. (k22)PrA was not observed at pH 3n1 (Figure 4) , and at pH 4n8, this intermediate was only a minor component throughout activation (results not shown). Thus, not only the absolute, but also the relative rates of the various steps in the processing reaction are dependent on the degree of acidification. Sigmoidal
Figure 5 Activation of proPrA at pH 2n0 on ice
PrA activity during proPrA activation on ice in 10 mM sodium phosphate/100 mM NaCl, pH 2n0 (pH was set at 23 mC). The initial proPrA concentration was 1n2 µM. The assay was performed in 10 mM citric acid/10 mM sodium phosphate/100 mM NaCl, pH 6n1.
activation kinetics similar to that found at pH 6n1 (Figure 2 ) was found at all pH values tested, including pH 3n1 ( Figure 4 ) and pH 2n0 ( Figure 5 , performed on ice to reduce the rate of activation), suggesting that at all these pH values the predominant mechanism of proPrA activation is a bimolecular reaction in which an active PrA molecule activates a proPrA molecule.
Effect of zymogen concentration on activation
In order to test whether the kinetics of the processing reaction was dependent on the initial proPrA concentration, we performed the reaction at pH 6n1 in the presence of 100 mM NaCl at proPrA concentrations of 0n048, 0n24, 1n2 and 6n0 µM. The processing rate at 6n0 µM proPrA was, unexpectedly, slower than that at 1n2 µM proPrA (Table 1) . This suggests that, at higher proPrA concentrations, non-productive intermolecular zymogen interactions become important. At a proPrA concentration of only 0n048 µM, the processing rate was much slower than at 1n2 µM (Table 1) . However, at this concentration also, the kinetics of the reaction was sigmoidal, suggesting that, even at this low zymogen concentration, bimolecular cleavage of proPrA by active PrA was the predominant mechanism (results not shown).
ProPrA activation rate is dependent on ionic strength
It has been demonstrated for the activation of pepsinogen that the rate of the reaction is a function of the ionic strength [16, 19] . We tested whether this was also true for the activation of proPrA. This was also interesting from a physiological point of view, as the vacuole is a storage organelle for ions, amino acids and polyphosphates [20] . Indeed, the rate of proPrA activation increased with increasing NaCl concentration ( Table 1) . This was true both at the normal vacuolar pH (6n1) and at the nearneutral pH found in strains lacking the vacuolar proton pump (pH 6n8). Similarly to all previous conditions tested, the kinetics of the reaction was sigmoidal, as shown for 500 mM NaCl. The (k22) form was still a transiently observed intermediate in the reaction (results not shown).
DISCUSSION
Aspartic proteinases from different sources are very similar with respect to catalytic mechanism, specificity and structure. Furthermore all known aspartic proteinases are initially synthesized as zymogens which pass through the early compartments of the secretory pathway on their way to their destinations. However, these destinations, which usually are the sites of zymogen activation, may be very different. Pepsin, gastricsin and chymosin are gastric enzymes found outside cells. PrA and cathepsin D are vacuolar\lysosomal, and the subcellular location of cathepsin E depends on the cell type [21] .
The activation of the gastric aspartic proteinases, particularly pepsin, has been studied in great detail. Their zymogens activate autocatalytically on secretion into the gastric juice, via a mechanism triggered by acidic pH. Pepsinogen activation has a maximal rate at pH 2, which is close to the pH at which it occurs in i o. At pH values above 5, pepsinogen activation occurs extremely slowly [19] . The pH of intracellular compartments is not nearly as acidic as that of the gastric lumen, and yet activation of the intracellular aspartic proteinase zymogens procathepsin D, procathepsin E and proPrA can occur autocatalytically [4, 22, 23] . This raises the question as to how the activation of intracellular aspartic proteinases is triggered.
Yeast mutants that are conditionally blocked in transport from the endoplasmic reticulum to the Golgi complex show no processing of accumulated proPrA in the endoplasmic reticulum under the restrictive conditions [1] . This indicates that the lack of processing of proPrA before vacuolar delivery is not just a simple matter of kinetics. Thus, in i o autoactivation of PrA must be triggered by a difference in luminal environment between the vacuole and the prevacuolar compartments. However, as compared with the large fall in pH that triggers pepsinogen activation, the environmental differences between intracellular subcompartments are fairly small. This is particularly true for subcompartments of the secretory and endocytic pathways, which are interconnected through intensive forward and retrograde vesicular traffic. Thus, to allow rapid and efficient intracellular autoactivation of PrA (or any other autoactivating enzyme), relatively subtle changes in environment must be sufficient to trigger the process. On the other hand, to maintain strict subcellular compartmentalization of hydrolytic activities, efficient regulation of autoactivation is required. Thus there appear to be two counteracting demands : the threshold for intracellular autoactivation must be low enough to allow this process to take place, but high enough to avoid premature enzymic activity. To gain insight into this problem, we purified proPrA and studied the kinetics and mechanism of its autoactivation in itro.
Our data show that incubation at pH 6n1, which is the pH of the yeast vacuole, is sufficient to induce proPrA autoactivation. Autoactivation was very slow at pH 7. Yeast mutants that do not acidify their vacuoles, and thus presumably have no difference in pH between the endosome and the vacuole, have previously been found to exhibit PrA activity, even in the absence of PrB [10, 11] . In itro, we observed efficient activation at the pH found in the vacuole of acidification-defective yeast mutants (pH 6n8), provided that NaCl was present at high concentration. It may well be that proPrA autoactivation in such mutants is triggered by a difference in ionic strength between the endosome and the vacuole. The vacuole presumably has a higher ionic strength than other compartments, because of its function as a storage organelle for ions, amino acids and polyphosphates [20] .
The kinetics of the in itro activation reaction at pH 6n1 indicates that (at least at the proPrA concentrations that we tested) the most efficient mechanism of autoactivation is a bimolecular mechanism in which an active PrA molecule cleaves a proPrA molecule. This activation kinetics probably only reflects the kinetics of the second cleavage step, as the product of the first cleavage step, (k22)PrA, presumably is inactive. However, the first cleavage step also seems to occur mainly via a bimolecular mechanism, as (k22)PrA appears with sigmoidal kinetics ( Figure  2A ). Thus both processing steps occur mainly via a bimolecular mechanism. After the pH had been lowered, proPrA activation still showed sigmoidal kinetics, even at pH 2. This is in contrast with pepsinogen which, at pH 2 and zymogen concentations of less than 5 µM, autoactivates predominantly by an intramolecular mechanism, giving first-order kinetics [18] . At pH 4n6, on the other hand, sigmoidal activation kinetics has been observed for the pepsin-catalysed activation of pepsinogen [19] .
In conclusion, the mechanism by which an active PrA molecule activates a proPrA molecule, i.e. a product-catalysed autoactivation mechanism, was the major mechanism at pH 6n1, in the presence of 100 mM NaCl, and such a mechanism also appeared to predominate under all other conditions that we have tested. Uni-and bi-molecular mechanisms involving only proPrA molecules (zymogen-catalysed autoactivation mechanisms) thus appear to be very inefficient. It is possible that, in the initial phase of the activation experiment, zymogen-catalysed activation generated the first active PrA molecules, which subsequently took over activation of the other proPrA molecules. It cannot, however, be excluded that trace amounts of active PrA were present in our preparation and that in this sense proPrA activation in the initial phase was also product-catalysed. We thus do not know whether zymogen-catalysed activation occurred in our experiments. Zymogen-catalysed proPrA activation may, in a wild-type strain, be an ' emergency ' mechanism to reestablish the vacuolar proteinase activities if vacuolar inheritance during cell division has failed and vacuolar activation has to be re-initiated. The predominance of a product-catalysed autoactivation mechanism over a zymogen-catalysed one may be a means of ensuring that PrA activation is at the same time limited to the vacuole and rapid : slow zymogen-catalysed activation may help to prevent zymogen activation in prevacuolar compartments, and, on delivery to the vacuole, proPrA may be rapidly activated by already active PrA molecules in the vacuole. PrB can also activate proPrA, and it may be that this is normally the predominant activation mechanism in i o. Hirsch et al. [6] found significantly slower proPrA maturation in a strain lacking PrB than in an isogenic wild-type strain. This would indicate that PrB normally processes proPrA directly, without intermediate cleavage by PrA. With another genetic background, however, strains of which showed faster proPrA-processing rates, Sørensen et al. [10] observed no difference in proPrA maturation rate between a PrB-lacking strain and the isogenic wild-type strain. If activation by PrB is normally the predominant mechanism, then the overall rate of proPrA activation would be enhanced even more on delivery to the vacuole. In conclusion, there may be three means of ensuring that PrA activation is compartmentalized to the vacuole : (1) the lower pH of the vacuole ; (2) the higher ionic strength in the vacuole ; (3) the predominance of productcatalysed mechanisms (including processing by PrB) over zymogen-catalysed mechanisms. The requirements for efficient activation of the secreted zymogen, pepsinogen, are different from those of PrA. Pepsinogen is potentially strongly diluted on secretion into the gastric lumen, and thus intramolecular autoactivation would appear to be the most suitable mechanism for its activation. In itro autoactivation of the normally intracellular procathepsin E is strongly dependent on zymogen concentration [24] , and it may well be that a product-catalysed autoactivation mechanism is also predominant in this case. Prosubtilisin, a bacterial serine proteinase, is secreted and can activate intramolecularly [25] . However, the subtilisin homologue PrB, an intracellular proteinase, can efficiently activate its own zymogen, but the zymogen cannot activate intramolecularly [6] . Perhaps evolution has generally favoured zymogen-catalysed autoactivation mechanisms for extracellular enzymes and product-catalysed mechanisms for intracellular ones.
